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ABSTRACT 


Bes in the 


91.2 MeV electrons were used to study 
excitation range from 4 to 50 MeV. Fragmentation of E2 
strength into states below the GOR region was found, with 
states between 0 and 15 MeV exhausting 35% of the E2 iso- 
scalar EWSR. Available (y,abs) data were used to disentangle 
El and E2 strength in the region 15 to 30 MeV and show E2 
strength separated into two distinct groups in this region. 

A cluster of E2 strength centered at 17.5 MeV and believed 
to be in the oblate ground state ei exhausts 22% of the 
E2 isoscalar EWSR and a broad but clearly separate group 
of strength from 20 to 30 MeV exhuasts 65% of the E2 iso- 
vector EWSR. Significant transition strength was found 
between 30 and 50 MeV which exhausts between 25 and 35% of 
the total E2 EWSR. Evidence was found for the existance 
of an E2 giant resonance corresponding to the oblate well 


Or ee at 24 MeV. 
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I. INTRODUCTION 


In light nuclei, A < 28, the location of a giant quadru- 
pole resonance (GQR) has not been as clearly established 
as in heavier nuclei. However, recent a-Scattering experi- 
ments have revealed the existance of an E2 strength of 
30% - 60% of the energy weighted sum rule (EWSR) for iso- 
scalar quadrupole excitations between 12 and 32 MeV (YouR 77). 
Unlike heavier nuclei, the GQR strength is not concentrated 
in a single peak but spread over several states or fragmented 
among many states over a wide energy range. Similarly, total 
photon absorption measurements have shown that the dipole 
aeeewGeh 1s distributed from 15 to 30 MeV for light nuclei. 
As a consequence, giant dipole (E1,GDR) and quadrupole 
(E2,GDR) strength is not as easily Separated as in heavier 
nuclei, where they can be separated by a line shape fit. 

In this paper we will investigate giant multipole reson- 
ances and bound states in Beck through inelastic scattering 


of electrons with 92 MeV incident energy. 
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If. EXPERIMENTAL DETAILS 


Data were collected using the 120 MeV Naval Postgraduate 
School Linear Accelerator. The target was self supporting 
eh of semi-conductor quality obtained from Fairchild 
Industries. Scattering angles were 60°, 75°, 90°, 105°, 
and 120° and transmission geometry was used throughout. 
Details concerning the operation and characteristics of 
the NPS LINAC can be found in Pitthan, et al, (Pit 77). 

The 16 inch spectrometer does not have an open back and 
therefore produces an appreciable ghost peak. Measurements 
on "oe have shown that the ghost peak appears at 92% of 
the energy of the elastic peak and has a nominal half-width 
of approximately 4.5 MeV. This correction was included in 
the analysis of all runs and adds significantly to the 
uncertainty in evaluation of data in the 4-8 MeV region of 
the spectra. 

The counting system consists of a ten-counter ladder in 
the focal plane of the spectrometer with two backing counters 
forming 10 triple coincidence channels. The average beam 
current was controlled to give count rates lower than 20 


counts per second and a subsequent accidental coincidence 


rate of less than 5%. 
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A. ELECTRON SCATTERING 

The theory of elastic and inelastic scattering from 
nuclei has been documented in detail by Uberall (Ube yall 
Beginning with the Mott cross section for scattering of a 
relativistic electron from a spinless, point nucleus, the 


differential elastic cross section can be expressed as 


aS! rae) [2 Gp sk 
ate el die De@ite t 
where 
(dg, 7 ze")? cos” 6/2 
he Mote “ea Sams 7 2 
-iq-r 3 

Bcpe. = Miele so(r) a x 

R = yrecoil correction factor 

g = momentum transfer 

o(r) = nuclear charge density. 


The inelastic cross section is much more complex and 
consists of separate terms for electric and magnetic 
transitions, as well as transverse and longitudinal com- 


ponents representing decomposition of the electromagnetic 


1 





electron-nuclear interaction into components parallel and 
perpendicular to the three-vector momentum transfer q. 
Following Theissen (The 72), the plane wave Born 
approximation (PWBA) for the differential inelastic cross 
section can be expressed as a sum over the electric (e) 


and magnetic (m) multipole transitions: 


B® oon” FAD, * PSM, 
The expanded forms are as follows: 
(Ss) = ataq?*K ~* fa (atl) *B(cd,G,I,71,) V, (9) 
an en r O co aan @ ame 
+ B(EA,q,I 71) V, (8) IR: 
Oa = a?aq@?*K ~*B(MA,G, ToT) Vip (OR ; 


In these equations: 


ay = Amdt (AHL) L(2a41) 1177 
Ko = Eo /fc 
2 -l 
R = {1+ fic (K/Mc )(1 - cos 86)] 
r Ser taanic iti Ome mullet 90 ba isl ty 
CL Seeiine StructurescOnStant 
EG = primary electron energy 


if. 





6 = scattering angle 


c= 
I 


nuclear mass 


The terms V,, (8) and Vn (8) represent the decomposition 
parallel and perpendicular to the momentum transfer three 


-> 
vector q and are expressed as follows: 


V (0) = dims + cos 6) 
L 2 
(y - cos 6) 
a) = lec a laa mcOs 0) 
af 4 (y - cos 6)(1 + cos @) 
lt+tE* 
x 


The plane wave Born approximation is accurate for light 
muclei (aZ << 1) but deteriorates in accuracy for nuclei 
with higher Z (aZ </< 1), when the plane wave representation 
of the incident electrons is distorted by the Coulomb field 
of the nucleus. A more accurate distorted wave Born approxi- 
Mation (DWBA) can be obtained by solving the Dirac equation 
for the electron with numerical integration (TuaW 68). The 
distorted wave calculations are made for } = 1,2,3 ... with 
the cross section normalized to reduced matrix elements 
B(A,q,1-T,) = 1] x fm-" 

Inelastic cross sections can be determined relative to 


the elastic cross section by the formula 
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where A, and A, designate the areas under inelastic and 


elastic curves. The use of the relative cross section 
me: Peowelcm in Enis case cemeiene wave Born approximations 
is identical with the form factor squared, a te allows a 
convenient representation of data because the use of Ore 
takes out most of the trivial dependence on scattering 

parameters and emphasizes the effects of nuclear structure 
(ZieP 68). B(EA) values can be extracted from the T5/ Out 
experimental values by comparison to the computer calcu- 


lated values for each angle. The multipolarity of the 


transition can be similarly determined. 


B. NUCLEAR MODELS 
Giant resonances in nuclei can be understood to a great 

extent on the basis of macroscopic collective models of 
nuclear excitation. Goldhaber and Teller proposed three 
such macroscopic models as follows (GolT 48): 

Ghemmetastic binding of neutrons and protons resulting 
in resonances with excitation energy independent of mass 
number A. 

(2) Density and vibrations of neutrons and protons, each 
inside a fixed surface, against each other. This model 


3 proportionality relationship for resonance 


yields an A 
energies and was further expanded by Steinwedel and Jensen 


(SteJ 50). 


1S) 





(3) Vibrations of interpenetrating density distributions 
of neutrons and protons with a resonant energy proportional 


to a l/é 


(GT model). 
Uberall generalized the GT model by combining the 
tiiceractions of protons, with spin up or down with neu-~ 


eeens, With Spin up or down, resulting in four types of 


resonate modes (Ube 71): 


feeeeveiye +) against (nt,n+). The isospin or original 
Gr mode. 

(2) (Pt,nt) against (P+,n+). The spin-wave mode. 

(3) (Pt,n¥) against (P+,nt). The spin-isospin mode. 


(4) A mode with all four "fluids" oscillating in phase. 
This type of interaction would give rise to a "breathing" 
or monopole resonance. 

Goldhaber and Teller, in their third proposed model, 
assumed a rigid displacement of the ground state charge 


distribution which gives the relation 
= ey 
p(r) = pth) - = 3) 04) ae 


where d is the displacement vector between the proton and 
neutron mass centers and is small. This distribution is 
applicable to dipole transitions but can be generalized to 
other multipoles by assuming that the ground state density 
P(r) is deformed by a scale factor (Ube Ap) 


Q 


o(r) = P(r) = nx [dpe (r) /dr] 
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Steinwedel and Jensen (SteJ 50) have proposed a model 
(SJ model) which describes collective vibrations of neu- 


trons and protons in terms of changes in the relative 





densities of the two fluids inside a rigid surface. Model 


2 of Goldhaber and Teller requires that 


o(r) = Pp (r) + p(x) ==@onstant 


and leads to the relationship 


for the giant dipole resonance energy. 

Myers and Swiatecki (MyS 77) have proposed a model 
(MS model) which is a combination of the GT and SJ modes. 
Relative magnitudes are determined mainly by GT and SJ 
coupling and their associated forces and inertias, 
although the MS model is mainly a GT mode with a mixture of 
the SJ mode increasing for heavier nuclei. Myers and 
Swiatecki also found a dependence on A for resonance 
energy which is somewhere between that of the GT and SJ 
modes. A comparison of the DWBA form factor for El between 


GT, SJ, and MS models can be seen in Figure 4. 
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IV. DATA ANALYSIS 


A. DATA COLLECTION 

Data were eeiileaued for each angle over the range 
93.5 - 85.5 MeV scattered electron energy for the elastic 
scattering and 88 - 40 MeV for inelastic scattering. All 
runs were made in 0.1 MeV steps. Total counts for each 
Seep were determined by integration of the beam current 
to preset values. 

Data from the counting System were recorded on a tele- 
type machine and on a seven-track magnetic tape compatible 


with the IBM 360/67 Computer System. 


B. BACKGROUND 
Three types of background have to be considered: 

(1) "Target out" background which is low due to the 
triple coincidence set up of the counting ladder and which 
is fairly constant over time. 

(2) "Target in" background caused by scattering of elec- 
trons from the target and subsequently off the spectrometer 
wall into the counting system. 

(3) The radiation tail caused by photon emission (lL) 
Sieriggemez) berOre Or after, and (3) M@iler scattering. 

The Born approximation radiation tail is described in detail 
by Isabelle and Bishop (IsaB 63). Modifications which account 


for deviations from the Born approximation are described in 
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Buskirk and Pitthan (BusP 76) and are incorporated as a 
portion of the line shape fitting computer program. 
The overall background was expressed as a function of 
the excitation energy by the following formula: 
ED 
BGR(E,) = Pi + = OT RT(E,) ° 
This function was incorporated in the line fitting program 


with Py and P. the fitted parameters. 


S. LINE FITTING 

The data for each run were fit using the line shape 
fitting routine of Pitthan (Pit 73). Most resonances were 
fit using a Breit-Wigner line shape for the B-value 


@istribution: 


dB OL SB wei | 
x max (E, - E.)* As RD) 


as described in Gordon and Pitthan (GorP 77). Resonance 
lines with half-widths on the order of the elastic peak 
were considered to have their line shape determined by the 
elastic peak and hence were fit with a GausSian line shape. 
The parameters Ey [T, and the elastic to inelastic 
peakheight ratios were fitted for each resonance. The 
fitting program varies these parameters to give a minimum 


chi-squared (a) value. The value of va is defined as: 
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ye = f cn . XK.) */0° 
n 
Xx. = calculated value of cross section 
Xx. = measured value of cross section 
O = standard deviation associated with x, 


As described by Pitthan et al. (Pit 77), the total me 
1s related to the number of degrees of freedom in the total 
fit. The number of degrees of freedom is defined as the 
number of experimental points (~400) less the number of 
parameters used for the fit (3 for each line fit and 2 for 
the background). For a good fit, the theoretical value of 
me per degree of freedom should approach e = 1. The myriad 
structure evidenced in our data made line fitting particu- 
larly difficult and the actual value was considered less 
important than attempting a realistic as well as accurate 
representation of the experimental data and establishing a 


credible background. 


D. SUM RULES 

In addition to the reduced transition probability or 
B-value, a measure of transition strength is a percentage 
of the sum rule strength. The following formulas were used 


in this work for the calculation of sum rules: 
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2.2 
Siu A> 1) = E,.°B(EX) = Zr(2A+1) NR 2A-2, (WarW 69) 


87M), 


Z 

ee BIEL) = Ge 
2 

S(EO) = E.-|M ie ~ he <R* 


E. PHOTONUCLEAR DATA 

The Giant Dipole Resonance has been studied using the 
gamma absorption (y,abs) technique. The cross sections 
determined using (y,abs) measure mainly dipole (El) strength, 
and by subtracting the (y,abs) data from our results, con- 
tributions from higher multipole transitions can be 
determined. 

The total cross section measured from (Y,abs) is 


related to B-values by the formula 


3 = 
fo dE = 87 nea“ a 13 (EA,k) 
ce Loan 6 ay 
where 
k = E,/fic 
X = multipolarity 
fe= tine structure constant 
weaec. 77). 


2a. 





The (y,abs) data from Ahrens et al. (Ahrens 75) were 
read from the graph in Figure 5. The data were then 


related to our (e,e') data using the following procedure: 


(1) The formula for 


do 
ie 2 = 
Jo, dE. gives cE 4.02B(E1,k) for A=1 


(2) This function was used to convert do/dE,, values to 


2 
oe) 
dEdQ compatible with our data. Values of ce were computed 


for B(El) = l fm? using the DWBA program of Tuan, et al. 
(TuaW 68) using the Myers-Swiatecki model. The computed 
values were fit with a three parameter parabolic function 
to give 

do 


ae (8,E, B(EL) = 1 ae Ea Ie 


2 
aQ aE Po (Ey) : P4(E,) 


A 


The calculated parameters are listed in Table II. 





2. 
elm el 
G3)) the values o£ dz da Were calculated as 
Bae - do, do 
dE dQ dE dQ 
Xx X 


These values were calculated for each of our five runs. 

(4) The converted (y,abs) data represent the equivalent 
total (e,e') El transition cross section in the region 10 
to 30 MeV. By subtracting this data from our data, which 


represents the total EX cross section, the EX, A > 1 cross 
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section can be represented. This analysis was carried out 


Ber cach of our spectra. 
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WE elope OU GBLS 


A. The line shape fit program was used to analyze the 
resolved states (or group of states) in the region 4 to 
15 MeV. Such states were found at 5.1, 7.0, 9.9, 11.2, 
13.0, and 15.0 MeV. With the exception of the state at 
7.0 Mev these states were all found to be predominantly of 
mencharacter,. exhausting 2.4, 3.5, 3.7, 6.6, and 7% of the 
E2 isoscalar EWSR respectively. The state at 7.0 MeV was 
determined to be E3 in character and exhausts 22% of the E3 
isoscalar EWSR. Results are summarized in Table III and 
Figures 6 to ll. The state found at 15 MeV had to be treated 
differently than the other states. The (y,abs) data from 
Ahrens, et al., Figure 5 (Ahrens 75), show clustered 
El strength in this region which complicates resolution of 
other strength which may be present. Subtraction of the El 
strength in this region, visible in Figure 5, from our 
data indicates E2 strength which exhausts 7% of the E2 
isoscalar EWSR in the region 14 to 16 MeV mentioned above 
faraure 10). 

The states from 7 to 15 MeV together exhaust 23% of 
the E2 isoscalar EWSR. Adding the contribution of the 
first excited state at 1.78 MeV, which exhausts 10% of the 
E2 isoscalar EWSR (EndtL 73), it can be seen that 33% of 
the isoscalar E2 strength is located in states lying below 


the GOR region. This is in good agreement with (a,Y 0) 
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results given by Hanna (Han 77) and comparable to results 
in Bie MGuUR@77) and Te (SZa ters i 

B. The (e,e') data from 12 to 50 MeV were fit using 
Gaeetine Shape fit program solely to establish a credible 
background. Our reasoning is that using the very restricted 
BPeackground described in IV.B. and forcing it to describe 
fete tine at 13 MeV which had a width equal to that of the 
elastic peak and also the El cross section at 50 MeV, 
known from (y,abs) measurements, an acceptable background 
could be established. As in heavier nuclei the radiation 
tail alone does not satisfactorily describe the background 
beyond 20 MeV. The fitted data, after the background sub- 
traction, were analyzed by averaging into ~l MeV wide 
energy .bins compatible with similarly averaged total photon 
absorbtion data (Figure 5) converted to equivalent (e,e') 
cross sections. The El cross sections thus established 
were subtracted from the (e,e') data and the results are 
shown graphically in Figures 14 to 18. The negative values 
shown in the 75° spectrum can be attributed to background 
subtraction from the (e,e') data. Estimated background 
subtraction error contributes nearly the total error indi- 
cated in the plotted data for the 60° and 75° spectra. 

The disentanglement of the El and EX (A >1) transition 
strength in the region 12 to 30 MeV is evident in our graphi- 
cal analysis. The separation of the EX (A > 1) strength 


into two regions is observed, with a clustering of strength 
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at 17.5 MeV and a distinct rise in strength which begins 
ae =20 Mev. This splitting is similar in form to that 
observed by Youngblood, et al., in Seng. Our analysis 
shows the state at 17.5 MeV to be E2 in character and to 
exhaust 22% of the E2 isoscalar EWSR (Figure 12). The 
contributions to E2 transition strength from the state(s) 
at 15 MeV and the 17.5 MeV region exhaust 27% of the iso- 
scalar E2 EWSR. This is in general agreement with other 
results which see from 25 to 40% of the E2 isoscalar E2 
strength in the region ~15 to 25 MeV (YouR 77,VanH 77) 
and with the results of Knopfle, et al., (KnoW 76) which 
show 30% of the E2 isoscalar strength in a GQR centered at 
19.1 MeV with halfwidth of 5.1 MeV. There is clearly a 
difference in centroid position for the lower part of the 
Memsoerengqtcni, 17.5 MeV compared to the ~19 MeV from (a,a') 
(YouR 77,KnoOW 76). As in heavier nuclei this difference 
Might be either due to the exitation of the isoscalar mono- 
pole resonance (Young 77), or might be an indication that 
(a,a') scattering is not that insensitive to the exitation 
of the isovector dipole resonance as generally believed. 
Tresdtstinet rise in EX (A > I) strength at ~20 MeV is 
observable in all 5 of our spectra. Comparison of this 
region with the (a,a') results given by Maung oIlOod, Cal al, 
would indicate that this strength is most probably E2 
isovector. However, the strength and distribution given by 


Youngblood, et al., depends on the background assumed. If 
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one assumes the peak shown in Figure lc of reference 

(YouR 77) centered at 27 MeV to be of E2 character as well, 
30 to 40% EWSR (AT = 0) may be estimated from their data. 
Unfortunately no complete set of measurements was taken in 
their experiment for Cay so that no conclusive statement 
can be drawn. 

The presence of transition strength in the region 20 to 
30 MeV with »’4 > 2 has been observed by Van der Borg, et al., 
(VanH 77) and cannot be ruled out in our results. Assuming 
beet the total strength with A > 1 in the region 20 to 30 
MeV indicated in our results is E2, it exhausts 65% of the 
E2 isovector EWSR (Figure 13). This should be considered 
an upper limit for E2 strength. There may be some isoscalar 
strength in the 20 to 30 MeV region, but comparison with 
(a,a') scattering (YouR 77,KnoW 76) as mentioned above is 
not decisive. In addition, some of the strength might be 
monopole strength, but this question can not be solved by our 
measurement. 

A subtraction of a maximum background can be applied to 
our data as shown by the dashed line in the representative 
spectrum in Figure 19. This procedure was used in view of 
the fact that the general form of the background is des- 
cribed quite well by the calculated radiation tail, but that 
in our form of analysis one has the problem of determining 
its absolute height. Analysis of the data represented in 
Figures 14 to 18 after application of this procedure shows 


E2 strength from 15 to 20 MeV and from 20 to 30 MeV which 
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exhaust 10 and 20% of the E2 isoscalar/isovector EWSR 
respectively. These should be considered minimum values 
for E2 strength in these regions. 

The separation of E2 strength in our results might also 
be considered in conjunction with assumed coexistance of 
oblate and prolate deformation in 20509 Sandorfi, etal., 
have interpreted a feature in their electrofission results 
on ah at 28.3 MeV as a resonance or cluster of resonances 
of E2 character associated with the prolate well of the 
nucleus (Sand 77). If the state at 17.5 MeV is associated 
with the ground State oblate well, then the strength asso- 
ciated with the prolate well would be at 24.2 MeV. The 
existance of a distinct "prolate" E2 branch is not incom- 
patible with our results because we see consistently in all 
of our spectra after subtraction of the El cross section a 
relative maximum at 24 MeV (Figures 14-18). The separation 
between the oblate and prolate wells is 6.7 MeV, as inferred 


28.5 (DasGH 67). 


from the positionof the second of state in 
The observed separation of the continuum E2 strength 

io cwo distinct regions, 15 to 20 MeV and 20 to 30 MeV, 

is in agreement with the result by Szalata, et al. (SzaI 78) 


204 


IO )6 e. From this agreement for the two nuclei, of which 


as 1s prolate and eo is predominantly oblate, one may 
suspect that the influence of the deformation on the spreading 


of the transition strength is not as dominant as found 


recently by Abgrall, et al. (Abg 77). 
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The data from 30 to 50 MeV was structureless in form and 
could not be resolved as to multipolarity. Assuming that 
the cross section in this region is entirely E2, it exhausts 
35% of the total EWSR. This should be considered an upper 
limit. Assuming that the transition strength in this region 
includes 75% of the isoscalar E3 strength (Ham 72), the 
remaining strength exhausts 25% of the total E2 EWSR. This 
is an estimated lower limit for the E2 strength in the 
region 30 to 50 MeV. A summary of the distribution of E2 
strength is shown in Table IV. 

It 1s noted that the (y,abs) cross section (Figure 5) 
which was subtracted from our data to get the E2 (and E3) 
cross section contains some E2 strength, but the magnitude 
of this strength below 30 MeV is small compared to the error 
of our measurement and the y-El cross section since the E2 


3 (GorP 77). 


Gomeribution 1s proportional to E. 

The (y,abs) data of the Mainz group (Ahrens 75) have 
found much publicity recently because they showed clearly 
that not only the classical Thomas-Reiche-Kuhn (TRK) El sum 
rule to be exhausted at 35 MeV, but furthermore that the 
SEOssmseerten GCOrrespondading tO integration up to pion thres- 
hold, o (140), is twice the classical sum rule. It is inter- 
esting to estimate how much of this strength is due to E2. 
For this purpose we assume the minimum E2 strengths, which 
we think are the more reliable values, from Table IV and 


. PAR 
decide on the missing 40% EWSR on the basis of ~ Al (y,abs) 





measurements. The A a measurements by Ahrens, et al., 
have been hampered by coherent pair production above 30 
MeV because a silicon monocrystal was used giving rise to 


fhe Uberall effect (Ube 56). ‘Al should be very similar 


to aoa above 30 MeV and in fact agrees very well with 


isa data (Ahrens 72) insofar as both 


earlier published 
measurements show distinctive cross section at 50-70 MeV. 
While the observed E2 strength below 20 MeV (30% E2 EWSR) 
contributes only approximately 5% to the El sum rule, this 
value rises to 20% TRK for the 20% E2 EWSR between 30 and 
50 MeV. If we assume the missing 45% of the E2 sum rule to 
be at 60 MeV, the strength would make a contribution to the 
integrated (y,abs) cross section between 10 and 140 MeV 
equivalent to 30% of the TRK El sum rule. It thus seems 
possible that a major fraction (50%) of the excess strength 
seen in (y,abs) is due to E2 strength. The E3 strength, in 
contrast, would even under the most favorable circumstances 


(all E3 strength localized at 60 MeV) contribute no more 


than a few percent. 
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VI. CONCLUSIONS 


Our results indicate that 35% of the isoscalar E2 
strength is exhausted in states below the GQR region. 
Significant E2 strength is present in a cluster centered 
around 17.5 MeV which exhausts 22% of the E2 isoscalar EWSR. 
This relatively small concentration of the E2 strength in 
the GOR region as compared with heavier nuclei (A > ~90) 
is attributable in part to the fragmentation of a signifi- 
cant portion of the E2 strength into the lower lying states. 

The El strength is concentrated in the region 17 to 22 
MeV, but it can be seen from photon absorbtion data that a 
Significant portion of the total cross section from 20 to 
30 MeV is El in character. Our analysis shows that the 
remaining cross section in this region is predominately E2 
in character and exhausts 65% of the E2 isovector EWSR. 

In our higher momentum transfer (@ = 90, 105, 120 deg.) 
spectra significant cross section is apparent in the region 
30 to 50 MeV. This cross section exhausts between 25 and 


35% of the total E2 EWSR. 
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EXPERIMENTAL PARAMETERS INE 
ELECTRON SCATTERING FROM 


SPECTROMETER 
ANGLE (DEGREE) 


60 
75 
90 
105 
ZO 


BREMSTRALLUNG 
CORRECTION (EL) 


i LOS 9 
Pre deo 1. 
i 7 0 
is aye, 
Peo2 5 


ELASTIC MOMENTUM 
TRANSFER Q (FM) 


0.464 
0.265 
0.656 
SAY Sis: 
0.808 


*k* Target thickness 313 (MG/cM*) for all runs. 


TABLE I. 


MACHINE 
ENERGY (MEV) 


91.548 
ole ou > 
Spee 2 
B2.027 
2n236 


0.3614 
0.3945 
0.4426 
Oo a2 
UE AG 


ELASTIC MOMENTUM TRANSFER 
SQUARED Q2 (FM2) 


/ 


Sz 


EFFECTIVE TARGET 


THICKNESS (G/CM2) 


Ares 
O35 19 
0.431 
0.545 
i652 


Lpgric 


ELASTIC 
ENERGY (MEV) 


SOW 
eZ 
oa. O60 
Ope eo 
Ones 2 ae) 


RECOIL 
(EL) 


1.0017405 
1.0025806 
1.00348 

1.0043879 
ae OO S234 9 


SCHWINGER 
CORRECTION 


(EL) 


Pealo03 
Uae 642 
ee 6910 
es 29 
i IL eis) 


ELASTIC PEAK 
HALFWIDTH 
(FWHM) 


OSes es. 
2538 
i GaZ 
Grae 2 
Voss 


(MEV ) 





TABLE II. 


PARAMETERS FOR CONVERSION OF PHOTON 
ABSORBTION CROSS SECTION TO EQUIVALENT 
ELECTRON SCATTERING CROSS SECTION 


THETA ety” P(2)- 
60 3.109x10°” - -2. 820x107 
75 1.239x10 ” 5.095x10> 
90 4.944x10 19 = 4. 962x107 

105 1.940x10 9 3.102x107 

120 7.415x10°7+ 1.650x107 


* 
To yield the correct cross section 


have to be multiplied by (ic) * 
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r2 
2 
RZ 
Ihe 


az 


P(3)- CORR] COEEEG 
Gal) oe eee 
BAL esl Poe 
eso een Goud 
=, 0Os0 cede 
4s 0 lee 


the parameters 





TABLE III. 


SUMMARY OF RESULTS, 4 TO 15 Mev 


E.. (Mev) r B(fm**) %$ Isoscalar EWSR 
Beek 2 26.8 2.4 
10 c| SSE)! 220 
a9 2 202 a2) 

iN, 2 2 This} ste: Sad 

Lo 2 28.9 6.6 

i 0” 2 Z.Grne 0 


* 
El strength subtracted. 
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TAB Gees. 


DISTRIBUTION OF E2 STRENGTH 0 TO 50 Mev 


E,, (Mev) | % TOTAL E2 EWSR 
Maximum Minimum 

O= "15 Bigs: -- (15) 
15 - 20 74% 5 
20 - 30 32 10 
se — 50 35 25%** 

Total: 93 55 ; 
* Includes 3.5% total EWSR centered at 15 MeV. 


or Assumes 35% of total E3 strength in the 
region 30 to 50 MeV (see Hamamoto 1972). 
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SCONTREBUTITON OF EZ STRENGTH to y CROSS 


30 


50 


TABICE V2 


- o (mb) E+ B(E2) /EWSR 
=e coil 20 

- 30 aul 10 

- 50 4 25 

- 70 5 45% 


missing strength 


36 


SECTION 


Jo, (E2) dE/TRK 


20 


30 





Brgure 1. 


Bromire 2. 


FIGURE CAPTIONS 


Spectra of 91.2 MeV electrons scattered 


oes and) 120°" 


inelastically from 
The dash-dotted line under the 120° spectrum 

is drawn only to guide the eye and is not a 
fitted or estimated background. The dashed 
lines beyond 22 MeV are extrapolated from 
(y,abs) data and indicate the "excess" cross 
section in the region 22-50 MeV. The peak at 
6.9 MeV in the 120° spectrum has been normalized 
to the count rate of the 105° spectrum. The 
prominent rise of this peak with increased 


momentum transfer is indicative of the assign- 


ment of Es maile1polarity . 


Spectrum of 91.2 MeV electrons scattered 
inelastically from oa Sieacrt0s- ana 120°. 
The spectrum is shown with the background 
subtracted. The resonances used in fitting 
this spectrum are described in the text. The 
"ghost peak" located at 92 % of the elastic 
energy is subtracted from the spectrum. The 
spectrum was taken and fitted with 10 data 
points per MeV. For graphical purposes the 


number of points for the spectrum was reduced 


om 





in the continum range by a factor of 2. 


The fitting range was 4 - 51 Mev. 


Pigure 3. Comparison of DWBA cross sections for El 
to E3 transitions divided by the Mott cross 
sections. The El transition is based on the 
Myers-Swiatecki model while the E2 and E3 
transitions are based on the Goldhaber-Teller 


model. 


Figure 4. Comparison of the experimental form factors 
of the Goldhaber-Teller, Steinwedel-Jensen, 
and Myers-Swiatecki models for El transition 


and excitation energy of 0 MeV. 


Figure 5. The photon absorption cross section of mes 


The data are from Ahrens, et al. (Ahrens 75). 


Figure 6. Comparison of the DWBA and experimental form 
factors for the state at 5.1 MeV, which exhausts 


2.4% of the E2 isoscalar EWSR. 


Figure 7. Comparison of the DWBA and experimental form 
factors for the state at 7.0 MeV which exhausts 


22% of the E3 isoscalar EWSR. 


Figure 8. Comparison of the DWBA and experimental form 
factors for the state at 9.9 MeV which exhausts 


3.5% of the E2 isoscalar EWSR. 
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Figure 9. 


Figure 10. 


Braoure Jl. 


Eagure 12. 


Paigure 13. 


Comparison of the DWBA and experimental form 
factors for the state at 11.2 MeV which 


exhausts 3.7% of the E2 isoscalar EWSR. 


Comparison of the DWBA and experimental form 
factors for the state at 13.0 MeV which 


exhausts 6.6% of the E2 isoscalar EWSR. 


Comparison of the DWBA and experimental form 
factors for the state at 15 MeV. The El 
strength represented by the (y,abs) data in 
Figure 5 from 14 to 16 MeV has been subtracted 
from the (e,e') data and the remaining transi-~ 


tron SEmengtn form factors plotted. 


Comparison of the DWBA and experimental ea 
factors for the region 15 to 20 MeV. The El 
strength represented by the (y,abs) data of 
Figure 5 in the same region has been subtracted 
from the (e,e') data and the remaining transi- 


ELON ESthelgco tome racrors Plotted ; 


Comparison of the DWBA and experimental form 
factors for the region 20 to 30 MeV. The El 
strength represented by the (y,abs) data of 
Figure 5 in the same region has been subtracted 
from the (e,e') data and the remaining transi- 
tion strength form factors plotted. While the 


PamconumetactOr GiVes ea OCeter fit, anes 


oy) 








Figure 


Figure 


Figure 


Figure 


Figure 


Figure 


a 


tS. 


6. 


LY 


lS. 


ibe 


assignment would lead to a 200% of the iso- 
scalar sum rule, which is impossible. Since 
little E3 strength is expected in this region, 
no attempt was made to subtract E3 strength, 


which would be arbitrary. 


Inelastic cross section at 60°, 12 to 30 Mev. 
The (e,e') data have been averaged into 1 MeV 
energy bins and are represented by the open 
circles. The (y,abs) data converted to 
equivalent (e,e') cross section were similarly 
averaged and are represented by the closed 
Circles. The differences (e,e') minus (y,abs) 
(equivalent) is represented by the halfmoon 


circles. 

Same as Figure 14 except for 75°. 
Same as Figure 14 except for 90°. 
Same as Figure 14 except for 105°. 
Seine as Figure 14 except for 120°. 


Same as Figure 18 showing maximum background 


as dotted line. 
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Proure 1. 





10 


120 


28 
Si (e,e’) 
f= 91.2 MeV 


100 


(105° ) 


COUNTS /# COUL 


20 30 40 50 
EY (MeV) 


Tnelastic spectra at 105° and 120°. 
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(16 fer’) sr MeV) 


do- 2 
dE dn 





EY (MeV) 


Figure 2. Inelastic spectra at MO Sieerane = 20°. 
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momentum transfer Ta 


Comparison of DWBA cross sections 
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r STEINWEDEL - 
| Si (e,e") — JENSEN 
8 
4, MYERS- 
SWIATECKI 


ot 4 


GOLDHABER - TELLER 


ao /o ore) 


E = 0 


0.1 Os) SOs OV 0.9 
momentum transfer (fm-! ) 


Figure 4. Comparison of Goldhaber-Teller 
Steinwedel-Jensen, and Myers— 
Swiatecki models for DWBA . 
calculations for El transitions. 
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Si (e,e') 
Goldhaber - Teller model 
Soo 5.05 MeV 
200 
80 
4Q 
LO 
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= 20 
opaed 
pad 
O 
= 
& 8 
b 
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2 
OZ 0.4 0.6 0.8 , 
momentum transfer (fm7') 
Figure 6. Comparison of the DWBA and experimental form 


factors for the resonance at 5.1 MeV. 
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8 
Si (ee) 
Goldhaber -Tetler model 
E = 7.0 MeV 
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f the DWBA and experimental form 
— * cow the resonance at 7.0 MeV. 
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Goldhaber-Teller model 
CS 99 MeV 
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Figure 8. Comparison of the DWBA and experimental form 
factors for the resonance at 9.9 MeV. 
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28 
Si (e,e' ) 


Goldhaber - Teller model 





E = 11,2 MeV 
80 * 
40 
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2 
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02 O04 O06 O08 ; 
momentum transfer (fm) 
Figure 9. Comparison of the DWBA and experimental form 


factors for the resonance at 11.2 MeV. 
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Goldhaber-Teller model 
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Figure 10. Comparison of the DWBA and experimental 


form factors for the resonance at 13.0 Mev. 
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28 | 
Si (ee) -(7 abs) 


Goldhaber -Teller model 





£3 We MeV 
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80 
40 
20 
8 
4 

OZ O04 O68 O08 

momentum transfer (fm) 

Figure 11. Comparison of the DWBA and experimental form 


factors for the resonance at 15.0 MeV. 
The (y,abs) cross section strength has been 


subtracted. 
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28 
Si (e,e’)-(7 abs) 


Goldhaber - Teller model 
150 -200 MeV 





300 


1 ~ 
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Figure 12. Comparison of the DWBA and experimental form 
factors for the region 15 to 20 MeV with 


(vy abs) Strengeh subesaceed: 
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28 
Si (e,e') -(7,abs) 


Goldhaber - Teller model 
EY = 200-300 MeV 





02 O4 O6 08 
momentum transfer (f m7! ) 


Figure 13. Comparison of the DWBA and experimental form 
factors for the region 20 to 30 MeV with the 
(y,abs) strength subtracted. 
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